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6RXUFH 6SDWLDO &OLPDWH $QDO\VLV 6HUYLFH
2UHJRQ 6WDWH 8QLYHUVLW\
)LJXUH
:DWHUGH¿QHVXV7KH3DFL¿F1RUWKZHVW LVNQRZQDURXQGWKHZRUOGIRU PRVV¿OOHG 'RXJODV ¿U IRU
HVWVVDOPRQVSDZQLQJLQFOHDUVWUHDPVDQG
WKHDVWRXQGLQJYDULHW\RIDJULFXOWXUDOSURG
XFWV WKDWJURZ LQRXUPRLVW ULFKYROFDQLF
VRLOV 0XOWQRPDK)DOOV LV WKH DUHD¶VPRVW










IRU RXU UHJLRQ± DQ HFRORJLFDO V\VWHP WKDW
FOHDQV DQG UHSOHQLVKHV LW DQ HQJLQHHULQJ
V\VWHP WKDW WUDQVSRUWV SURFHVVHV DQG
GLVSRVHV RI LW DQG D FXOWXUDO V\VWHP WKDW
GHWHUPLQHV WKH W\SH RI XVH ,Q DGGLWLRQ
SURYLGLQJZDWHUWRRXUJURZLQJSRSXODWLRQ
UHTXLUHV WKH FRRUGLQDWLRQ RI VHYHUDO ORFDO
VWDWH DQG IHGHUDO JRYHUQPHQW DJHQFLHV WR
HQVXUH WKDWHYHU\GURSFDQ WUDYHO IURP WKH
VRXUFHRYHUPLOHVWKURXJKYROFDQLFDQG
VHGLPHQWDU\ VRLOV YDOOH\V DQG PRXQWDLQV
VZDPSV DQG IRUHVWV DUULYLQJ FOHDQ WR




SUHFLSLWDWLRQ VXUIDFH DQG JURXQGZDWHU
DQGRXWSXWVKRZZHXVHLWRQDODUJHVFDOH
7KHQZH LQYHVWLJDWH WKHVH SURFHVVHV RQ D
VPDOOHU VFDOH ± ZKHUH \RX JHW \RXU ZDWHU
DQGVRPHLQWHUHVWLQJSDWWHUQVRIXVH)LJXUH
 VKRZVRQH RI WKH UHDVRQVZDWHU XVH DQG
GLVSRVDO FDQ EH H[SHQVLYH  7R SURWHFW
ZDWHU TXDOLW\ LQ WKH:LOODPHWWH 5LYHU DQG
FRQWUROUXQRIIRISROOXWHGVWRUPZDWHUIURP
GRZQWRZQ VWUHHWV 3RUWODQG¶V %XUHDX RI
(QYLURQPHQWDO 6HUYLFHV LV RYHUVHHLQJ WKH
FRQVWUXFWLRQ RI WZR ³ELJ SLSHV´  7KHVH
WXQQHOV  IHHW DQG  IHHW LQ GLDPHWHU
ZLOO FDUU\ VHZDJH DQG VWRUPZDWHU WR WKH










6RXUFHV 2UHJRQ 'HSDUWPHQW RI (QYLURQPHQWDO 4XDOLW\
:DVKLQJWRQ 6WDWH 'HSDUWPHQW RI (FRORJ\





&RDVW 5DQJH 6HGLPHQWDU\ 5RFNV
&ROXPELD 5LYHU %DVDOWV
&DVFDGH 9ROFDQLFV
6RXUFHV 86 *HRORJLFDO 6XUYH\ &ODUN &RXQW\
3ODQQLQJ &RPPLVVLRQ DQG 3RUWODQG
















FHLYH ODUJH DPRXQWV RI SUHFLSLWDWLRQ
ZKLOHWKHYDOOH\VZKHUHPRVWRIXVOLYH





6XUIDFH ZDWHU FRQWDLQHG LQ WKH
PHWURVFDSH¶V ODNHV ULYHUV DQG VWUHDPV
LV VKRZQ LQ )LJXUH  ,Q 2UHJRQ WKH
PDS VKRZV QDPHG VWUHDPV DQG LQ
:DVKLQJWRQ LW VKRZV ERWK QDPHG DQG
XQQDPHGVXUIDFHZDWHUV7KH%XOO5XQ
ZDWHUVKHG WKH &LW\ RI 3RUWODQG:DWHU
%XUHDX¶VSULPDU\VXUIDFHZDWHUVRXUFH
LVRXWOLQHGLQSXUSOH
)HZ UHJLRQV RI WKH 8QLWHG 6WDWHV
KDYHPRUHÀRZLQJZDWHU WKDQGRHV WKH
PHWURVFDSH +RZHYHU ZH QHHG WR EH
EHWWHUVWHZDUGVRIWKRVHZDWHUUHVRXUFHV






0DQ\ DUH WRR ZDUP LQ WKH VXPPHU
$QG RXU ELJJHVW ULYHUV²WKH &ROXPELD
DQG :LOODPHWWH²IDLO LQ FOHDQ ZDWHU
FDWHJRULHV WRR QXPHURXV WR PHQWLRQ
:KLOH ORFDO DQG VWDWH DJHQFLHV DQG
VHYHUDOQRQJRYHUQPHQWDORUJDQL]DWLRQV
DUH ZRUNLQJ WR SURWHFW DQG LPSURYH





DYDLODEOH *URXQG ZDWHU KRZHYHU LV
D FULWLFDO DOEHLW KLGGHQ UHVRXUFH LQ WKH
PHWURVFDSH¶V FXUUHQW DQG IXWXUH ZDWHU
QHHGV )LJXUH  LV D VLPSOL¿HG PDS









E\ JHRORJLFDO VWUXFWXUHV OD\HUV RI
GLIIHUHQW W\SHV RI URFN WKDW YDU\ LV
VL]HGHSWKDQGTXDOLW\7KH:LOODPHWWH
DQG 7XDODWLQ %DVLQV DUH ¿OOHG ZLWK
XQFRQVROLGDWHGJUDYHODQGVDQGGHSRVLWV
WKDWFRQWDLQRXUODUJHVWDQGPRVWHDVLO\
DFFHVVLEOH EDVLQ¿OO ZDWHU UHVRXUFHV
2WKHU JHRORJLF IRUPDWLRQV DURXQG WKH
PHWURVFDSH DOVR FRQWDLQ LPSRUWDQW
JURXQG ZDWHU UHVRXUFHV EXW WKH\ DUH




SURWHFWLRQDUHDRXWOLQHG LQ UHGRQ WKH
PDS KDV EHHQ UHFHQWO\ HVWDEOLVKHG LQ
WKHDUHDWRSUHYHQWFRQWDPLQDWLRQ&ODUN
&RXQW\ UHOLHV KHDYLO\ RQ JURXQGZDWHU
DQGLWKDVUHFHQWO\HVWDEOLVKHGH[WHQVLYH




:DWHU XVH LV QRWRULRXVO\ GLI¿FXOW WR
PHDVXUH 7KH PDSV SUHVHQWHG LQ WKLV
VHFWLRQ GUDZ RQ86*HRORJLFDO 6HU






WKHUPRHOHFWULF SRZHU PRVWO\ FRROLQJ
IRUIRVVLOIXHOSRZHUSODQWVLUULJDWLRQ












SHU GD\ DOPRVW HQRXJK WR ¿OO HYHU\
1HZ<RUN&LW\UHVLGHQW¶VEDWKWXEHYHU\
GD\ $ VLJQL¿FDQW SRUWLRQ RI ZDWHU
XVH LQ &ODFNDPDV &RXQW\ LV SXEOLF
VXSSO\ DQG LV LQWHQGHG IRU LQGXVWULDO
DQG FRPPHUFLDO SXUSRVHV 6LPLODUO\
PRVWZDWHUXVHLQ&ODUNDQG&ROXPELD
FRXQWLHV LV VHOIVXSSOLHG LQGXVWULDO
ZDWHUWKLQNZRRGDQGSDSHUSURGXFWV
0XOWQRPDK DQG :DVKLQJWRQ FRXQWLHV
XVH YHU\ OLWWOH VHOIVXSSOLHG LQGXVWULDO
ZDWHU 0JDOGD\ DQG QRQH
UHVSHFWLYHO\
)LJXUHV  DQG  IRFXV RQ WZR RI
WKH IRXU 86*6 ZDWHU XVH FDWHJRULHV
± LUULJDWLRQ DQG SXEOLF VXSSO\  'XH








DQG 0XOWQRPDK FRXQWLHV DOWKRXJK
6DXYLH ,VODQG PD\ XVH D PL[WXUH RI
&ROXPELD 5LYHU DQG JURXQGZDWHU
UHVRXUFHV
0RUHSXEOLFVXSSO\ZDWHULVXVHGLQ
0XOWQRPDK DQG &ODFNDPDV FRXQWLHV
EXWSHUFDSLWD&ROXPELD&RXQW\LVWKLUG
LQ OLQH :DVKLQJWRQ &RXQW\ DSSHDUV
WR XVH OHVV ZDWHU SHUVRQ KRZHYHU
PDQ\ RI WKH PHWURVFDSH¶V FRXQWLHV




$JHQF\ LGHQWL¿HV WKH VRXUFHV RI
GULQNLQJ ZDWHU LQ WKH UHJLRQ :LWK
DOPRVW WKUHHTXDUWHUPLOOLRQ SHRSOH LQ
0XOWQRPDK &RXQW\ LW LV QR VXUSULVH
WKDW WKH %XOO 5XQ:DWHUVKHG VXUIDFH
ZDWHUSURYLGHVWKHODUJHVWDPRXQWRI
ZDWHU WR PHWURVFDSH UHVLGHQWV &ODUN
&RXQW\ UHOLHV DOPRVW H[FOXVLYHO\ RQ
JURXQGZDWHUIRULWVVXSSOLHV&ROXPELD
DQG <DPKLOO FRXQWLHV WKH WZR PRVW
UXUDO LQ WKH PHWURVFDSH XVH HTXDOO\




















86 *HRORJLFDO 6XUYH\ &ODUN &RXQW\











6RXUFH 86 *HRORJLFDO 6XUYH\
$QQXDO 3HU &DSLWD 8VH
RI 3XEOLF 6XSSO\ :DWHU
 0JDOGD\
 WR  0JDOGD\
! 0JDOGD\














5HODWLQJ ZDWHU XVH GDWD WR RXU RZQOLYHVFDQEHGLI¿FXOW)RUPRVWZDWHU VLPSO\ DSSHDUV IURP WKH VSLJRW
DQG GLVDSSHDUV GRZQ WKH GUDLQ :H KDYH
OLWWOH LGHDZKHUH H[DFWO\ LW FRPHV IURPRU
ZKHUHLWJRHV$FHQWUDOSOD\HU LQWKHSUR
YLVLRQ DQGGLVSRVDO RIZDWHU LV \RXU ORFDO
ZDWHUGLVWULFW:DWHUGLVWULFWVFRRUGLQDWHWKH
FDSWXUHGHOLYHU\DQGGLVSRVDORIZDWHU WR





WHU IRU DOO PHWURVFDSH UHVLGHQWV )LJXUH 
LGHQWL¿HV VHYHUDOZDWHUGLVWULFWV LQRXU UH
JLRQ DQG LOOXVWUDWHV WKH GLYHUVLW\ RIZDWHU
VRXUFHV IRU HDFK UHVSHFWLYH MXULVGLFWLRQ








7RWDO ZDWHU XVH ZLWKLQ WKH 3RUWODQG




RI \HDU RU FKDUDFWHULVWLFV RI WKH XVHU" ,I
IRU H[DPSOH HDFK KRXVHKROG FRQVXPHV





XVHG"+RZDERXW WKH WLPHRI \HDU RU WKH
VL]HRIWKHKRXVHKROG"'RHVZHDOWKPDWWHU
LQZDWHUXVH"
)LJXUH  GHVFULEHV WKH DYHUDJH
FRQVXPSWLRQ SHU GD\ LQ  XVLQJ 86
&HQVXV EORFN JURXSV %\ H[DPLQLQJ WKH
VSDWLDO SDWWHUQV LW VHHPV WKDW ODQG XVH
PD\ LQÀXHQFH WKH WRWDO DPRXQW RI ZDWHU
XVH)RUH[DPSOHDUHDVZLWKJUHDWHUZDWHU
FRQVXPSWLRQGDUNHUFRORUVRIWHQFRUUHODWH
ZLWK WKH LQFUHDVHG ZDWHU GHPDQG IRU
FRPPHUFLDO RU LQGXVWULDO SURFHVVHV ZKLOH
DUHDV ZLWK SULPDULO\ UHVLGHQWLDO ODQG XVH
WHQG WR KDYH ORZHU WRWDO ZDWHU XVH UDWHV
OLJKWHUFRORUV
:KLOH LQGXVWULDO DQG FRPPHUFLDO ODQG
XVHV DFFRXQWV IRU D SRUWLRQ RI 3RUWODQG
ZDWHUPHWDEROLVP UHVLGHQWLDO XVH DFFRXQW







































6RXUFH 3RUWODQG :DWHU %XUHDX
86 &HQVXV











$YHUDJH :DWHU 8VH SHU 'D\








$YHUDJH :DWHU 8VH SHU 'D\ IRU













IRU RYHU RI WRWDOZDWHU XVH:LWK
WKH PDMRULW\ RI ZDWHU EHLQJ XVHG IRU
EDWKLQJ ZDVKLQJ FORWKHV GLVKHV
FDUVODQGVFDSLQJDQGRWKHUKRXVHKROG
DFWLYLWLHVDFORVHUORRNSURYLGHVLQVLJKW
DERXW WKH YDULDELOLW\ DFFRUGLQJ WR
JHRJUDSKLF UHJLRQDQG WLPHRI\HDU DV
ZHOO DV E\ KRXVHKROG FKDUDFWHULVWLFV
RI XVHUV &RQVLGHU )LJXUH  ZKLFK
LOOXVWUDWHV DYHUDJH UHVLGHQWLDO ZDWHU
XVHSHUGD\LQZLWKLQWKH3RUWODQG
:DWHU 'LVWULFW :KLOH HYHU\ TXDGUDQW
LQWKHFLW\KDVUHVLGHQFHVXVLQJJUHDWHU
WKDQJDOORQVRIZDWHUSHUGD\ WKH
PDMRULW\ RI 3RUWODQGHUV VHHP WR EH
XVLQJEHWZHHQDQGJDOORQVRI
ZDWHUSHUGD\
:LWK WKH ZDUPHU DQG ORQJHU GD\V
RI VXPPHU XSRQ XV DQG WKLV EHLQJ
WKH 6XPPHU LVVXH RI 0HWURVFDSH
ZH H[DPLQH ZKHWKHU ZDWHU XVH YDULHV
VHDVRQDOO\ :LWK WKH DEXQGDQFH RI
SUHFLSLWDWLRQ $.$ ³OLTXLG VXQVKLQH´
RQH FRXOG VXUPLVH WKDW WKH DPRXQW RI
ZDWHUXVHLQZLQWHU'HFHPEHU-DQXDU\
)HEUXDU\ ZRXOG EH VXEVWDQWLDOO\ OHVV
WKDQ VXPPHU PRQWKV -XO\ $XJXVW
DQG 6HSWHPEHU )LJXUHV  DQG 



















6RXUFH 3RUWODQG :DWHU %XUHDX
86 &HQVXV
6XPPHU 0LQXV :LQWHU 8VH SHU 'D\








$YHUDJH 6XPPHU :DWHU 8VH SHU 'D\








$YHUDJH :LQWHU :DWHU 8VH SHU 'D\





















$YHUDJH :DWHU 8VH SHU 3HUVRQ SHU 'D\








$YHUDJH :DWHU 8VH SHU 'ROODU ,QFRPH








$YHUDJH :DWHU 8VH SHU 6TXDUH )RRW <DUG











6RXUFH 3RUWODQG :DWHU %XUHDX
0HWUR
6RXUFH 3RUWODQG :DWHU %XUHDX
86 &HQVXV










'RHV WKH DPRXQW RI ZDWHU XVHG ZLWKLQ VLQJOH
IDPLO\ KRXVHKROGV YDU\ DFFRUGLQJ WR KRXVHKROG
FKDUDFWHULVWLFV"'RHVKRXVHKROGVL]HIRUH[DPSOH
LQÀXHQFH WKH DPRXQW RI ZDWHU XVHG" )LJXUH 
LOOXVWUDWHVWKHUHODWLRQVKLSEHWZHHQWKHWRWDODPRXQW
RIZDWHUFRQVXPHGSHUGD\LQDQGWKHDYHUDJH




PD\ QRW SURYLGH FRQFOXVLYH HYLGHQFH WKDW ODUJHU
KRXVHKROGVFRQVXPHPRUHZDWHU WKH\GRVXJJHVW






UHVLGHQWLDO KRXVHKROGV GHWHUPLQHV WKH DPRXQW RI
ZDWHU XVH WKHQ SHUKDSV WKH DPRXQW RI \DUG DUHD
KHOSVH[SODLQSDWWHUQVRIXVH)LJXUHLOOXVWUDWHV
WKHUHODWLRQVKLSEHWZHHQDYHUDJH\DUGDUHDZLWKLQ
HDFK EORFN JURXS DQG WRWDOZDWHU XVH LQ VRPH RI
3RUWODQG¶VUHVLGHQWLDODUHDV7KHGDUNHUDUHDVRQWKH
PDSVXJJHVWWKDWKRXVHKROGVDUHXVLQJPRUHZDWHU




SHU VTXDUH IRRW RI RXWGRRU \DUG VSDFH WKDQ DUH
KRXVHKROGVORFDWHG³FORVHLQ´VRXWKHDVW
6LQFH PRQH\ SOD\V VXFK DQ LPSRUWDQW SDUW RI
RXU FRQVXPSWLRQSDWWHUQVZHZHUH FXULRXV LI WKH
DYHUDJHLQFRPHSHUEORFNJURXSKDGDQ\DVVRFLDWLRQ







ZDWHU DV D VPDOOHU SURSRUWLRQ RI LQFRPH :KLOH
WKLV UHVXOWPD\ EH VLPSO\ LOOXVWUDWLQJ WKH LQFRPH
GLIIHUHQFHV DFURVV WKH FLW\ ZKHQ ZH MX[WDSRVH





:K\ LV LW WKDW WKHVH SDWWHUQV RIZDWHU XVH YDU\
VR PXFK" 'R FXOWXUDO QRUPV RI ODQGVFDSLQJ DQG
SURSHUW\FDUHGLIIHUIURPRQHSDUWRIWKHPHWURVFDSH
WRDQRWKHU"$UHWKHUHRWKHUKRXVHKROGRUODQGXVH










5HJDUGOHVV RI RXU H[DFW FRQQHFWLRQV WR WKH PHWURVFDSH DQG KRZ ZH
H[SHULHQFH WKHPRYHPHQW RIZDWHU WKURXJK RXU UHJLRQZH VKDUHPXFK RI
WKH VDPHSUHFLRXV UHVRXUFH2XUZDWHUPD\ FRPH IURPJURXQGRU VXUIDFH
VRXUFHVIURPIDUDZD\RUQHDUE\EXWDIWHUZHXVHLWWKHVDPHZDWHUZLOO¿QG
LWVZD\EDFNWRXV<RXUGULQNLQJZDWHUZDVRQFHVRPHRQHHOVH¶VDQGVRRQ
LWZLOOEHWKHLUVDJDLQ
(YHQWXDOO\DOOWKLQJVPHUJHLQWRRQHWRSDUDSKUDVH1RUPDQ0DFOHDQ$QG
DULYHUUXQVWKURXJKLW:HDUHKDXQWHGE\ZDWHUV0
<HDU %XLOW
1R 'DWD
%HIRUH 
 WR 
 WR 
 WR 
)LJXUH
9LYHN6KDQGDVLVDQDVVLVWDQWSURIHVVRULQWKH7RKDG$7RXODQ
6FKRRORI8UEDQ6WXGLHVDQG3ODQQLQJDW3RUWODQG6WDWH8QLYHUVLW\
+LVWHDFKLQJDQGUHVHDUFKLQWHUHVWVLQFOXGHHQYLURQPHQWDOSROLF\
JHRJUDSKLFLQIRUPDWLRQV\VWHPVQDWXUDOUHVRXUFHPDQDJHPHQW
SDUWLFLSDWRU\SODQQLQJDQGXUEDQHFRORJ\
$OWRQ6WUDXEKDVDPDVWHUVGHJUHHIURP2[IRUG8QLYHUVLW\LQ
HQYLURQPHQWDOPDQDJHPHQWDQGLVFXUUHQWO\D3K'VWXGHQWLQ
HQYLURQPHQWDOVFLHQFHVDQGDQLQVWUXFWRULQ8QLYHUVLW\6WXGLHVDW
3RUWODQG6WDWH
